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Abstract: Periodontitis, gingivitis and oral candidiasis are predominant oro-
dental infections associated with poor oral hygiene, trauma and diet preference. 
This study investigated factors associated with the colonization of the oral cavity 
with pathogenic microorganisms. Oral swabs were collected from students’ 
volunteers who also submitted their toothbrushes for microbiological 
assessment. Tooth brushes were also purchased from the market and assessed 
for level of microbial contamination. Another subset of volunteers was given 
antiseptic mouthwash to use consecutively for five days and their oral 
microbiota assessed. Pathogens isolated were tested for antibiotic susceptibility 
using the disc diffusion method. Organisms isolated from used toothbrushes 
which were found in the oral cavity were Klebsiella, Pseudomonas, 
Staphylococcus and Candida. Organisms specific only to the oral cavity were 
Moraxella, Streptococcus pyogenes and alpha-haemolytic streptococci. 
Organisms isolated from new toothbrushes were Bacillus, diphtheroids and 
staphylococci and Pseudomonas. The use of mouth washes did not alter the 
composition of the oral flora as Klebsiella and Pseudomonas were isolated from 
the mouth of carriers of these pathogens. The antibiotic susceptibility of the 
organisms showed wide spread resistance by Staphylococcus, Bacillus and 
Enterococcus species to amoxicillin, ceftriaxone, ceftazidine and cefuroxime.  
The only isolates of Pseudomonas and Klebsiella were resistant to all tested 
antibiotics including ciprofloxacin and ofloxacin. This study has revealed that 
toothbrushes may serve as an article for the transmission of oral pathogens both 
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those endogenous to the oral cavity and pathogen that may be acquired 
exogenously.  The results also present the mouth as a breeding site for microbial 
resistance. 
Keywords: Microbiota, Candida, Pseudomonas, Klebsiella, Antiseptic 
mouthwash, Toothbrush 
 
    
Introduction 
The human oral cavity contains 
different habitats such as; teeth, 
gingival sulcus, tongue, cheeks, hard 
and soft palates, and tonsils, which 
are colonized by diverse 
microorganisms [1]. Streptococci 
were the first colonizers of the oral 
cavity especially the viridans 
streptococci, Abiotrophia and 
Granulicatella species then followed 
by anaerobic Gram negative 
nonsporeforming bacteria in the 
genera Prevotella, Bacteroides, 
Porphyromonas, Fusobacterium, 
Campylobacter  and Veilonella and 
then Gram positive bacteria such as 
Actinomyces, Bifidobacterium, 
Collinsella, Eggerthella, 
Eubacterium, Lactobacillus, 
Pseudoramibacter, Slackia, 
Peptostreptococcus, Micromonas and 
Finegoldia [2].  
 
Over 700 bacterial species have been 
identified in the oral cavity of human 
[3]. Many of these are commensal 
and do not constitute health threat in 
healthy oral cavity but may become 
opportunistic in the event of breach 
in mucosal integrity or when the host 
immune system is compromised [4]. 
However, exogenous organisms in 
the family Enterobacteriaceae, 
Staphylococcus and Pseudomonas 
spp may be important nosocomial 
pathogens or in people with poor 
oral hygiene [2]. Organisms from the 
oral cavity may be involved in 
various oral and dental infections, 
head and neck infections, and central 
nervous system infections including 
pulmonary and pleural infections [5-
8].   Studies on bacterial–fungal 
inter-kingdom communication have 
shown that bacterial and fungal 
communities interfere and support 
themselves [9]. Microbiomes 
aggregate are formed on mucosal 
surfaces, in the salivary fluid, and 
via specific cell to cell adhesion 
events [10].  
 
The oral microbota may be 
considered as dynamic with its 
composition hinged on a number of 
factors ranging from lifestyle, oral 
hygiene status and existing pre-
conditions. This study determined 
the possibility of transferring oral 
pathogens through toothbrushes and 
the effect of mouth washes on the 
microbiota of the mouth. Also, the 
antibiotic sensitivity of isolated 
pathogens to selected antibiotics was 
determined.  
 
 Subjects and Methods 
A total of 100 volunteered students of 
Covenant University all in Microbiology 
programme from100 to 400 levels were 
admitted into this study. The students 
were equally distributed based on 
gender. Oral swab was collected with 
sterile albumin coated swab sticks 
(Sterilin, Oxoid) and cultured on 
Nutrient agar, MacConkey agar, 
Mannitol Salt agar, Malt Extract agar 
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and Potato Dextrose agar. The 
toothbrushes of 24 of the volunteers (12 
male and 12 female) were collected and 
cultured on the same set of media. In 
other to determine the sterility of unused 
toothbrushes, 50 toothbrushes were 
purchased and treated as the used 
toothbrushes. In another experiment and 
based on the outcome of results of the 
oral swab cultures, subjects from whom 
Pseudomonas, Klebsiella, 
Staphylococcus or Streptococcus were 
isolated were selected and given 
antiseptic mouthwashes to gargle twice 
daily for 5 days and oral swab samples 
were re-collected and assessed 
microbiologically. Pathogens isolated 
from the oral cavity were subjected to 
antibiotic susceptibility testing using the 
Disc diffusion method on Mueller 
Hinton agar. 
 
  Results  
  Viridans streptococci were isolated 
from72% of healthy oral mucosa 
followed by the staphylococci (32%) 
and then diphtheroides (15%), Bacillus 
(12%) and β-haemolytic streptococci 
(9%). Gram negative bacteria; 
Pseudomonas aeruginosa and Klebsiella 
spp which are not normal resident of the 
oral cavity were isolated in 5 (5%) and 4 
(4%) oral swabs respectively (Table 1). 
Bacteria common to both oral cavity and 
used toothbrushes were staphylococci, 
Moraxella, P. aeruginosa and Klebsiella 
spp.  and Candida (Table 2). The 
incidences of these microorganisms in 
the used toothbrushes were very high 
(37.5% for Klebsiella; 62.5% for 
Staphylococcus; 75% for Candida). 
Bacteria isolated from toothbrushes 
purchased from the market and which 
have not been used include 
diphtheroides (30%), Staphylococcus 
spp and Bacillus spp (10% isolation 
each) and Pseudomonas (6%). (Fig.1). 
Significant reduction in occurrence was 
observed with Staphylococcus (60%) 
and Streptococcus (80%) when 
antiseptic mouthwash was used 
consistently for 5 days. However, in 
subjects colonized with Pseudomonas 
and Klebsiella the bacteria persisted 
(Fig. 2). The antibiotic susceptibility of 
the organisms showed wide spread 
resistance by Staphylococcus, Bacillus 
and Enterococcus species to amoxicillin, 
ceftriaxone, ceftazidine and cefuroxime.  
The only isolates of Pseudomonas and 
Klebsiella were resistant to all tested 
antibiotics including ciprofloxacin and 
ofloxacin (Table 3). 
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  Table 1: Occurrence of microorganisms in healthy oral mucosal surface   
 
Organism isolated Male No. (%) 
n = 50 
Female No. (%) 
 n = 50 
Total 
Percentage   
Staphylococcus spp 20 (40) 12(24) 32 
Diphtheroides  8(16) 7(14) 15 
Bacillus spp 9(18) 3(6) 12 
Streptococcus pyogenes 3(6) 6(12) 9 
Viridans streptococci  30(60) 42(84) 72 
Pseudomonas spp 4(8) 1(2) 5 
Klebsiella spp 4(8) 0(0) 4 
Enterococcus faecalis 1(2) 0(0) 1 
Moraxella spp 1(2) 0(0) 1 
Candida spp 30(60) 23(46) 53 
 
 
 
Table 2: Occurrence of microorganisms in used toothbrushes of healthy male and female 
participants 
 
Organisms isolated Male No. (%) 
n = 12 
Female No. (%) 
n = 12 
Total number (%)  
Staphylococcus spp 7 (58.3) 8(66.7) 15(62.5) 
Pseudomonas spp 2(16.7) 0(0) 2(8.3) 
Klebsiella spp 4(33.3) 5(41.7) 9(37.5) 
Moraxella spp 1(8.3) 0(0) 1(4.2) 
Candida spp 10(42) 8(33) 18(75) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
                 Fig 1: Occurrence of microorganisms in 50 unused new toothbrushes   
Bacillus spp Diphtheroides Pseudomonas spp Staphylococcus spp.
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                Fig 2: Effect of mouthwash on oral flora 
 
 
 
 
Table 3: Antibiotic susceptibility pattern of pathogens isolated 
 
R; no zone of inhibition, values ≥ 18mm indicate sensitivity 
 
Isolates Amoxycillin Ceftriaxone Ceftazidine Cefuroxime Erythromycin Gentamicin Cloxicillin Ofloxacin 
Enterococcus  spp R R R R 12 11 R R 
Enterococcus  spp  R R R R R 8 10 R 
Enterococcus  spp R R R R 15 6 11 7 
Bacillus spp R R R R 9 13 17 19 
Bacillus spp R R R R 18 14 18 16 
Bacillus spp R R R R 8 8 8 8 
Lactobacillus spp R R R R 13 10 10 10 
Staphylococcus spp R R R R 20 8 17 18 
Staphylococcus spp R R R R 10 10 10 11 
Staphylococcus spp R R R R 17 13 19 17 
Staphylococcus spp R R R R 7 7 7 7 
Staphylococcus spp R R R R 16 6 6 6 
Staphylococcus spp R R R R 20 10 13 17 
Staphylococcus spp R R R R 20 16 17 R 
Staphylococcus spp R R R R 6 12 12 11 
Staphylococcus spp R R R R 18 16 16 16 
Staphylococcus spp R R R R R 6 11 11 
Staphylococcus spp R R R R 7 R 11 13 
Staphylococcus spp R R R R 17 14 17 17 
Staphylococcus spp R R R R 19 15 21 22 
Staphylococcus spp R R R R 20 14 16 16 
Isolates Amoxycillin Cefuroxime Ampiclillin Ceftazidine Nitrofurantoi
n 
Gentamicin Ciprofloxac
in 
Ofloxacin 
Pseudomonas spp R R R R 11 7 7 7 
Klebsiella spp R R R R 7 9 13 13 
    62 
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Discussion 
The diversity of microorganisms found 
in the mouth either as resident flora or 
transient inhabitants makes it difficult to 
elucidate in one study the pathogenesis 
of oro-dental and associated diseases [2, 
3]. The present study relied primarily on 
culture techniques and based on the 
daunting requirements for culture the 
organisms isolated in this study were 
principally aerobes as other incubation 
methods for anaerobes or 
microaerophiles were not carried out. 
Aside cost consideration this study 
aimed to established first the 
transmissibility of oral pathogens 
through the use and sharing of 
toothbrushes, the effect of proper oral 
hygiene which include the additional 
use of antiseptic mouthwashes after 
mouth and the dentine have been 
brushed with fluoride based tooth paste.   
The findings of this preliminary study 
were quite interesting and add to the 
epidemiology of infections acquired 
through the oral cavity. Also of equal 
significance is that the mouth 
communicates directly or indirectly with 
other organs or systems of the body; it is 
the opening of the digestive system from 
the anterior end while it is closely 
associated with the auditory canal and 
pulmonary channels and organs. A 
breach of the mucosal or dentine defects 
may grant microorganisms’ entrance 
into the circulatory system from where 
they are disseminated to other parts of 
the body causing metastatic disorders 
[4]. Therefore control of the microflora 
population and type of the oral cavity 
and maintenance of oral health will 
secure other body parts from invasion 
with pathogenic microbes [11, 12]. It is 
well documented that otitis media 
pathogens mostly are ingress of 
microorganisms from the oral cavity [8] 
just as periodontal pathogens are 
derived from the oral cavity when the 
mucosal surface and periodontium is 
compromised [7].  
 
The results of this study showed high 
preponderance of Candida in the oral 
cavity of students showing no clinical 
symptoms of candidiasis as at when the 
study was conducted. This seemingly 
high occurrence accounts for the high 
rate of oral candidiasis reported in 
previous studies [13-15]. Ghannoum et 
al. [13] found Candida as the most 
prevalent yeasts in oral cavity of healthy 
individuals. The significance of 
Ghannoum et al. [13] finding was 
corroborated by the work of Diaz et al. 
[15], affirming that oral candidiasis are 
present in the oral cavities of 
approximately 50 % of healthy 
individuals. The pathogenicity of 
Candida albicans in oral candidiasis 
was described by Costa et al. [14].  The 
results of the present study showed how 
Candida becomes a component of the 
oral microbiome and a pointer to the 
ease of its transmission. Carrier rate in 
the oral cavity was 53% and 
colonization rate in toothbrushes in use 
was 75%. This high level colonization 
of toothbrushes is a possible route of 
transmission of Candida as shown in 
this study. It is a common practice for 
siblings, spouses, and friends to share 
the same toothbrushes either on 
economic reason or as an act of love and 
trust.  Other means through which 
candida and other oral pathogens can be 
acquired include the practice of fellatio 
or cunnilingus, ingestion of 
contaminated food or drink or articles or 
hands licked or sucked. The presence of 
streptococci and staphylococci in higher 
proportion of the subjects may not be of 
immediate clinical concern except were 
these organisms’ elaborate antibiotic 
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degrading enzymes such as β-lactamases 
thereby providing protection against 
non-β-lactamase producing organisms 
[16, 17]. The antibiotic susceptibility 
test results against some of the 
staphylococci showed high level 
resistance to beta-lactam antibiotics and 
in addition to many other antibiotics 
tested. Surprising this finding was not 
limited to staphylococci but was very 
prevalent with Pseudomonas and 
Klebsiella species. The mouth 
microflora therefore represents a pool 
for resistant microorganisms. It is 
therefore instructive that more attention 
be paid in studying the factors that 
favour colonization of oral mucosal with 
pathogens and constant assessment of 
their antibiotic profiles and in 
comparison to similar isolates from 
other body site will shed more light on 
the mechanisms of resistance 
acquisition.      
 
Some of the organisms isolated in this 
study are opportunistic in nature and 
include the viridans streptococci, 
diphtheroides, staphylococci, Moraxella 
and Bacillus spp but serious 
complications have been associated with 
them in immunocompromised patients 
[18]. Their clinical presentations include 
pseudo-membranes, abscesses, ulcers, 
pustules and extensive tissue necrosis 
involving bone [18]. The use of 
antiseptic mouthwash in this study 
reveals selective action against Gram 
positive bacteria with streptococci being 
more susceptible to the antiseptic effect 
of the mouthwash. The Gram negative 
bacilli were not affected by the use of 
antiseptic mouthwash and persisted in 
the oral cavity. It therefore implies that 
when exogenous organisms are found in 
the mouth, these should be eliminated 
with antibiotics following antibiotics 
susceptibility test. Mouthwash may not 
be adequate as both prophylactic and 
curative measures against pathogens. In 
conclusion this study has revealed that 
toothbrushes may serve as an article for 
the transmission of oral pathogens both 
those endogenous to the oral cavity and 
pathogen that may be acquired 
exogenously. The results also present 
the mouth as a breeding site for 
microbial resistance. 
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